Background
==========

Low back pain is a very common clinical problem in spine surgery \[[@b1-medscimonit-23-1940]\], and about 70% of all people in their lifetime will suffer from low back pain at least once. Lumbar intervertebral disc degeneration is the most common cause of low back pain \[[@b2-medscimonit-23-1940]\]. The pathological process of intervertebral disc degeneration mainly involves dehydration and fibrosis of the nucleus pulposus (NP), tearing of the annulus fibrosus, and sclerosis of the cartilage endplate \[[@b3-medscimonit-23-1940],[@b4-medscimonit-23-1940]\]. Disc degeneration begins in the NP \[[@b5-medscimonit-23-1940]\]. During the process of disc degeneration, the number of NP cells decreases and the function gradually degenerates \[[@b6-medscimonit-23-1940]\]; thereafter, aggrecan, type II collagen, and other extracellular matrix, which are synthesized by NP cells to maintain the biological characteristics of NP tissue, are gradually degraded \[[@b7-medscimonit-23-1940],[@b8-medscimonit-23-1940]\]. Furthermore, this leads to dehydration, crack formation, and fibrosis of NP tissue \[[@b9-medscimonit-23-1940]\]. Disappearance of the gel morphology of NP results in a decrease in the capacity of the intervertebral disc to buffer the load and maintain the stability of the spinal column \[[@b10-medscimonit-23-1940],[@b11-medscimonit-23-1940]\].

The degree of intervertebral disc degeneration is usually evaluated by use of the Pfirrmann grading system \[[@b12-medscimonit-23-1940]\], which is based on magnetic resonance imaging (MRI). Pfirrmann grading is a comprehensive assessment of NP, annulus fibrosus signal intensity, and disc height. However, Pfirrmann grading provides grade data, but not quantitative information, which may lead to errors among independent observers \[[@b13-medscimonit-23-1940]\]. In recent years, scholars \[[@b14-medscimonit-23-1940]--[@b16-medscimonit-23-1940]\] have assessed the degenerative degree of NP tissue through the MRI T2 value, which can reflect the water, protein, collagen, and other molecular content and the environment in NP tissue.

High temperature requirement serine protease A1 (HtrA1) belongs to the HtrA family of serine proteases, which constitutes a well-conserved group of proteolytic enzymes (HtrA1, 2, 3, and 4). HtrA1 is encoded by a gene located on chromosome 10 (10q26) and the transcription of its gene is highly regulated in both developing and adult tissues \[[@b17-medscimonit-23-1940]\]. The substrates of HtrA1 include aggrecan, type II collagen, and elastin \[[@b18-medscimonit-23-1940]\]. Some studies \[[@b19-medscimonit-23-1940],[@b20-medscimonit-23-1940]\] found that the expression of HtrA1, which is increased in articular cartilage of osteoarthritis, rheumatoid arthritis, and HtrA1, can promote cartilage matrix degradation. Other studies \[[@b21-medscimonit-23-1940]\] found that HtrA1 can up-regulate expression of cytokines in a time-dependent manner and suggested that HtrA1 promotes the occurrence and development of intervertebral disc degeneration \[[@b22-medscimonit-23-1940]\]; however, the relationship between the expression level of HtrA1 and the degree of disc degeneration is largely unknown. Therefore, the present study was designed to explore the correlation between the expression level of HtrA1 in NP tissue and T2 value in the NP region.

Material and Methods
====================

Source of NP tissue
-------------------

We studied 36 patients with disc herniation, lumbar instability, or other disc degeneration-related diseases, who needed to have NP tissue removed. The operations were performed in our hospital from July 2015 to June 2016. Inclusion criteria were: (1) Single-level disc surgery, (2) MRI must be performed before surgery to determine the Pfirrmann grade, (3) No disc prolapse signs on MRI, (4) Age \>18 years, and (5) No use of diatrizoate, methylene blue, or other drugs. Exclusion criteria were: (1) Multiple-level disc surgery, (2) Disc prolapse due to tear in the annulus fibrosus, (3) Intervertebral space infection, vertebra tuberculosis, vertebral tumor, and other diseases, (4) Age \<18 years, and (5) Percutaneous endoscopic lumbar discectomy. Information on all 36 patients is listed in [Table 1](#t1-medscimonit-23-1940){ref-type="table"}.

During the operation, the NP tissue was removed using NP forceps. Only the core NP tissue was chosen for use in the subsequent RT-PCR and Western blot analysis, as the part of inner annulus fibrosus and outer NP tissue might have been missed. We ensured that the core NP tissue was removed according to intraoperative fluoroscopy showing that the NP forceps were located in the center of the disc.

Ethics
------

This study was approved by the Ethics Committee of the Affiliated Hospital of Jiangsu University (No. JDFYLL2015016), was conducted in accordance with the provisions of the Declaration of Helsinki, and all 36 patients signed informed consent.

MRI
---

All 36 patients underwent MRI scans before surgery. Patients were in supine position inside a 3.0 T MRI scanner (Magnetom TrioTim, Siemens, Erlangen, Germany) with the lumbar region centered over a lumbar surface coil. Sagittal T2-weighted images were obtained using the following settings: fast spin echo sequence, TR=3500 ms, TE=99.0 ms, section thickness=4.0 mm, and field of view=280 mm. Two spine surgeons and 1 radiologist independently performed Pfirrmann grading of the target intervertebral discs. When the grading results were inconsistent, the 3 experts discussed the case and reached a consensus.

Median sagittal T2 mapping images were obtained using the following settings: TR=1200 ms, TE=13.8, 27.6, 41.4, 55.2, 69.0 ms, section thickness=4.0 mm, and field of view=280 mm. The core region of the NP was set to the region of interest (ROI) as recommended previously \[[@b13-medscimonit-23-1940],[@b23-medscimonit-23-1940]\] ([Figure 1](#f1-medscimonit-23-1940){ref-type="fig"}), and the T2-value of the ROI was measured and recorded.

RT-PCR
------

Total RNA was extracted from the NP tissue using 1 ml Trizol (Invitrogen, Carlsbad, CA, USA). Total RNA was reverse-transcribed into cDNA using the Thermo OneStep RT-PCR Kit (Thermo Scientific, Waltham, MA, USA) following the manufacturer's protocol. A 1-μl volume of cDNA template was used for each RT-PCR reaction, and sequences were amplified using Taq DNA polymerase (Thermo Scientific, Waltham, MA, USA) and primers ([Table 2](#t2-medscimonit-23-1940){ref-type="table"}) designed and synthesized by Sangon Biotech (Shanghai, CHN). The PCR conditions used were specific to each target transcript. HtrA1: denaturation for 3 min at 94°C, followed by 35 cycles of 94°C for 30 s, 59°C for 30 s, and 72°C for 45 s, and a final extension at 72°C for 7 min. β-actin: denaturation for 3 min at 94°C, followed by 30 cycles of 94°C for 30 s, 57°C for 30 s, and 72°C for 45 s, and a final extension at 72°C for 7 min. PCR products were separated on 1% agarose gel (Gene, Hong Kong, CHN) and stained with 0.5 μg/ml EB. The bands (grey scale) were analyzed by use of an imaging analysis system (Syngene, Cambridge, UK).

Western blot analysis
---------------------

NP tissues were homogenized and lysed in RIPA buffer supplemented with proteinase inhibitors. Equal amounts of total protein were loaded and separated on 12% SDS-polyacrylamide gel. Following electrophoresis, the proteins were transferred to polyvinylidene difluoride membrane (Millipore, USA), blocked in 5% (w/v) non-fat milk, and incubated with the primary antibodies. Membranes were incubated with monoclonal antibody against β-actin (Santa Cruz, USA) and HtrA1 (Santa Cruz, USA) at 4°C overnight. The membrane was washed with Tris-buffered saline/Tween 3 times. After washing, HRP-conjugated secondary antibody was added for 1 h at 37°C. Detection was performed with enhanced chemiluminescence and relevant blots were quantified by densitometry using the accompanying computerized image analysis program.

Statistical analyses
--------------------

Statistical analyses were performed using Statistical Package for Social Sciences System Version 14.0 (SPSS, Chicago, IL, USA). The correlation between T2 value and Pfirrmann grade was analyzed by Spearman correlation. The correlation between HtrA1 mRNA and protein expression level and T2 value was analyzed by linear regression analysis. A *P* value \<0.05 was considered statistical significance.

Results
=======

Pfirrmann grade
---------------

According to Pfirrmann grading criteria based on T2-weighted MRI, there were 3 cases of Pfirrmann grade I (3 young donors with vertebra burst fractures), 10 cases of grade II, 11 cases of grade III, 7 cases of grade IV, and 5 cases of grade V in all the 36 intervertebral discs ([Figure 2](#f2-medscimonit-23-1940){ref-type="fig"}). The Kappa test showed excellent agreement among the 3 assessors (Kappa=0.817).

Correlation between the T2 value of NP region and Pfirrmann grade
-----------------------------------------------------------------

The average T2 value of NP region (ROI) was 86.64±38.73 ms (range: 33.11--167.91 ms). There was a rank correlation between T2 value and Pfirrmann grade (*P*\<0.0001) according to Spearman correlation analysis, and the correlation coefficient (*r~s~*) was −0.93617 ([Figure 3](#f3-medscimonit-23-1940){ref-type="fig"}).

Correlation between T2-value of NP region and the HtrA1 mRNA level of NP tissue
-------------------------------------------------------------------------------

Our data show the correlation between T2-value and Pfirrmann grade. We then analyzed the correlation between T2 value of the NP region (ROI) and the mRNA expression level of HtrA1 in NP tissue. The mRNA level of HtrA1 in NP tissue increased with increasing Pfirrmann grade. The difference was statistically significant among groups (*P*\<0.05); however, the difference between the Pfirrmann grade IV group and Pfirrmann grade V group was not statistically significant (t=0.50, *P*=0.6256) ([Figure 4](#f4-medscimonit-23-1940){ref-type="fig"}). There was a linear correlation between the mRNA level and the T2 value (a=3.88, b=−0.019, F=112.63, *P*\<0.0001) according to linear regression analysis, and the normalized regression coefficient was −0.88 ([Figure 5](#f5-medscimonit-23-1940){ref-type="fig"}).

Correlation between T2 value of NP region and HtrA1 protein level of NP tissue
------------------------------------------------------------------------------

Similar data were also found in the correlation between T2 value of the NP region (ROI) and the HtrA1 protein level of NP tissue. The protein level of HtrA1 in NP tissue also increased with increasing Pfirrmann grade. Differences were also statistically significant among groups (*P*\<0.05), except for the difference between the Pfirrmann grade IV group and the Pfirrmann grade V group (t=−0.54, *P*=0.6028) ([Figure 6](#f6-medscimonit-23-1940){ref-type="fig"}). There was a linear correlation between protein level and the T2 value (a=3.30, b=−0.016, F=93.15, *P*\<0.0001) according to linear regression analysis, and the normalized regression coefficient was −0.86 ([Figure 7](#f7-medscimonit-23-1940){ref-type="fig"}).

Discussion
==========

Intervertebral discs consist of the annulus fibrosus, NP, and the upper and lower endplate cartilage \[[@b24-medscimonit-23-1940]\]. In the pathological process of disc degeneration, there is an imbalance between synthesis and degradation of extracellular matrix in the NP, especially involving aggrecan and type II collagen, resulting in decreased water content in NP tissue, so NP tissue gradually loses its original gel-like morphology and fibrous changes gradually occur. The disappearance of the elastic state of the NP leads to reduced buffer load capacity. Subsequently, the annulus fibrosus tears due to abnormal stress, decreased disc height, and calcification of endplate cartilage. During the process of disc degeneration, the structure and function of the NP are dominant and key \[[@b24-medscimonit-23-1940]\]. Therefore, this study chose the NP rather than the annulus fibrosus or the endplate as the research focus.

HtrA1 was originally isolated from fibroblasts as a transformation-sensitive protein due to its downregulation by SV40 \[[@b25-medscimonit-23-1940]\]. The C-terminal is a highly-conserved trypsin-like catalytic domain and PDZ domain, and the N-terminal is an insulin-like growth factor-binding domain and a Kazal type protease inhibitor domain \[[@b26-medscimonit-23-1940]\]. Several studies \[[@b19-medscimonit-23-1940],[@b20-medscimonit-23-1940]\] found the expression of HtrA1 increased in articular cartilage tissue in patients with osteoarthritis or rheumatoid arthritis, and it was reported that HtrA1 can promote cartilage matrix degradation, suggesting that HtrA1 plays an important role in joint degeneration. In addition, another study \[[@b27-medscimonit-23-1940]\] suggested that a single-nucleotide polymorphism in the promoter region of the HtrA1 gene was associated with intervertebral disc degeneration, and people without the G allele are more prone to disc degeneration. Therefore, HtrA1 may play an important role in the pathological process of intervertebral disc degeneration.

MRI is helpful for diagnosis of spondylodiscitis, sacroiliitis, and other spinal disorders \[[@b28-medscimonit-23-1940],[@b29-medscimonit-23-1940]\]. MRI is also one of the most widely used and accurate methods to evaluate the degree of disc degeneration. It can reflect the water content and morphological changes of intervertebral discs \[[@b13-medscimonit-23-1940]\]. The degree of disc degeneration is divided into grades I--V by the Pfirrmann grading system \[[@b12-medscimonit-23-1940]\], primarily based on changes in signal intensity, distinction between nucleus and annulus fibrosis, and disc height on MRI T2-weighted images. Pfirrmann grading is a subjective rating system and can provide a semiquantitative assessment of disc degeneration \[[@b30-medscimonit-23-1940]\]. However, it lacks sensitivity to change and has only moderate-to-good reliability \[[@b31-medscimonit-23-1940],[@b32-medscimonit-23-1940]\]. To overcome these limitations, quantitative measures (such as T2 and apparent diffusion coefficient mappings) of disc degeneration on MRI have been developed and used. Schultz et al. \[[@b33-medscimonit-23-1940]\] found that T2 value can reflect the biochemical changes in the disc. Trattnig et al. \[[@b30-medscimonit-23-1940]\] also reported that T2 quantitation provides a more sensitive and robust approach for detecting and characterizing the early stage of disc degeneration. Therefore, our study investigated the correlation between the expression of HtrA1 and the T2 value of ROI. To ensure the accuracy of the results of this study, a good consistency of the ROI with the removed NP tissue should be achieved. So, in this study, the center portion of NP with some distance from the bone edge was determined as ROI according to Wang's reports \[[@b13-medscimonit-23-1940],[@b23-medscimonit-23-1940]\], and only the core NP tissue was chosen for biochemical analysis.

Tiaden et al. \[[@b21-medscimonit-23-1940]\] found that expression levels of HtrA1 were significantly correlated (*r*=0.375, *P*=0.024) with Pfirrmann grade. Consistent with Tiaden's findings, our study also found that the mRNA and protein level of HtrA1 of NP tissue increased with increasing Pfirrmann grade. We also found the expression level of HtrA1 decreased with increasing T2 value, and there was a linear correlation between HtrA1 level and the T2 value, suggesting that there was a correlation between HtrA1 and the degree of intervertebral disc degeneration, and HtrA1 may play an important role in the pathological process of intervertebral disc degeneration. In addition, our results also indicated that degradation of extracellular matrix such as aggrecan and type II collagen may be associated with an increased expression of HtrA1. Therefore, we intend to explore the mechanism by which HtrA1 affects the underlying cause of intervertebral disc degeneration, such as matrix metalloproteinases and a disintegrin and metalloproteinase with thrombospondin motifs, which are 2 major extracellular matrix-degrading enzymes.

Conclusions
===========

Although there are some shortcomings in this study, such as the small number samples, and individual differences, we conclude that the expression of HtrA1 in NP tissue is strongly related to the T2 value, suggesting that HtrA1 plays an important role in the pathological process of intervertebral disc degeneration. Our findings may contribute to understanding the etiology and mechanism of intervertebral disc degeneration.
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![Sample image to determine the region of interest (ROI). In a median sagittal T2-weighted image, the center portion of NP with some distance from the bone edge was determined as ROI (red circle).](medscimonit-23-1940-g001){#f1-medscimonit-23-1940}

![Representative T2-weighted images of Pfirrmann grades I--V. (**A**) Pfirrmann grade I (T12/L1, white arrow); (**B**) Pfirrmann grade II (L3/4, white arrow); (**C**) Pfirrmann grade III (L4/5, white arrow); (**D**) Pfirrmann grade IV (L4/5, white arrow); (**E**) Pfirrmann grade V (L5/S1, white arrow).](medscimonit-23-1940-g002){#f2-medscimonit-23-1940}

![Correlation between the T2 value of NP region and Pfirrmann grade. The T2 value of Pfirrmann grade I to V was 159.77±7.48 ms, 123.00±10.61 ms, 75.33±15.59 ms, 50.73±5.63 ms, and 45.17±10.72 ms, respectively. There was a rank correlation between T2 value and Pfirrmann grade (*P*\<0.0001) according to Spearman correlation analysis (*r*~s~=−0.93617).](medscimonit-23-1940-g003){#f3-medscimonit-23-1940}

![(**A, B**) The relative gene expression of HtrA1 of NP at different Pfirrmann grades. The relative gene expression of HtrA1 of Pfirrmann grade I to V was 0.94±0.07, 1.43±0.28, 2.11±0.18, 3.28±0.36, and 3.19±0.16, respectively. The gene expression of HtrA1 increased with increasing Pfirrmann grade. \* *P*\<0.05.](medscimonit-23-1940-g004){#f4-medscimonit-23-1940}

![Correlation between T2 value and the relative gene expression of HtrA1. The average T2 value of NP region (ROI) was 86.64±38.73 ms (range: 33.11--167.91 ms) and the average relative gene expression of HtrA1 was 2.20±0.86 (range: 0.87--3.33). There was a linear correlation between the mRNA level and the T2 value (a=3.88, b=−0.019, F=112.63, *P*\<0.0001) according to linear regression analysis.](medscimonit-23-1940-g005){#f5-medscimonit-23-1940}

![(**A, B**) The relative protein expression of HtrA1 of NP at different Pfirrmann grades. The relative protein expression of HtrA1 of Pfirrmann grade I to V was 0.89±0.11, 1.35±0.17, 1.82±0.21, 2.79±0.26, and 2.87±0.14, respectively. The relative protein expression of HtrA1 increased with increasing Pfirrmann grade. \* *P*\<0.05.](medscimonit-23-1940-g006){#f6-medscimonit-23-1940}

![Correlation between T2 value and the relative protein expression of HtrA1. The average T2 value of NP region (ROI) was 86.64±38.73 ms (range: 33.11--167.91 ms) and the average relative protein expression of HtrA1 was 1.95±0.71 (range: 0.79--3.01). There was a linear correlation between the protein level and the T2 value (a=3.30, b=−0.016, F=93.15, *P*\<0.0001) according to linear regression analysis.](medscimonit-23-1940-g007){#f7-medscimonit-23-1940}

###### 

Characteristics of the total patients group.

  Characteristic        Value
  --------------------- --------------------
  Sex (M: F)            21: 15
  Age (yrs)             59.6±12.1 (18--80)
  Segment (N)           
   L1/2                 2
   L2/3                 1
   L3/4                 4
   L4/5                 18
   L5/S1                11
  Etiology (N)          
   Burst fracture       3
   Disc herniation      18
   Lumbar instability   8
   Spondylolisthesis    7

###### 

Primers used in RT-PCR.

  ---------------------------------------------------------------
  Gene      Primer sequences                       Segment size
  --------- -------------------------------------- --------------
  HtrA1     Forward: 5′-GACTACATCCAGACCGACGC-3′\   185 bp
            Reverse: 5′-GCTTTTCCTTTGGCCTGTCG-3′    

  β-actin   Forward: 5′-TGACGTGGACATCCGCAAAG-3′\   235 bp
            Reverse: 5′-CTGGAAGGTGGACAGCGAGG-3′    
  ---------------------------------------------------------------

[^1]: Study Design

[^2]: Data Collection

[^3]: Statistical Analysis

[^4]: Data Interpretation

[^5]: Manuscript Preparation

[^6]: Literature Search

[^7]: Funds Collection
